Bacterial parasites that can survive and multiply intracellularly are notable for their ability to induce delayed-type hypersensitivity and a concomitant state of resistance that is expressed in the enhanced capacity of macrophages to kill ingested organisms (1). The mechanism by which macrophages become activated in this respect has not been determined, but the process clearly involves an activity of specifically sensitized lymphocytes. These are formed in the infected animal and can be detected by their ability to protect recipients against the homologous parasite.
(Received for publication 16 October 1972) Bacterial parasites that can survive and multiply intracellularly are notable for their ability to induce delayed-type hypersensitivity and a concomitant state of resistance that is expressed in the enhanced capacity of macrophages to kill ingested organisms (1) . The mechanism by which macrophages become activated in this respect has not been determined, but the process clearly involves an activity of specifically sensitized lymphocytes. These are formed in the infected animal and can be detected by their ability to protect recipients against the homologous parasite.
Cells that can protect normal rats against a challenge infection with Listeria monocylogenes (2) or Mycobacterium tuberculosis (Lefford, McGregor, and Mackaness, unpublished data) are delivered to the thoracic duct of donors infected with these organisms. The appearance of protective cells in the 15mph of Lisleria-infected subjects coincides with the influx of many newly formed lymphocytes: large, medium, and small (2) . If the protective cells belong to a rapidly proliferating cell population, as the foregoing observation suggests, they should be vulnerable to agents that inhibit cell replication. Support for this notion was obtained in the current investigation in which the plant alkaloid vinblastine sulfate (Vbl) ~ was used to analyze the part played by dividing and nondividing lymphocytes in the transfer of cellular resistance to infection.
It will be shown that a single injection of Vbl given to rats at the peak of their response to a primary infection with L. monocytogenes deletes specifically sensitized effector cells from the thoracic duct and from an inflammatory exudate induced in the peritoneal cavity. The results point to dividing (large) lymphocytes as the specific mediators of host resistance to L. monocytogenes and provide a plausible explanation for their rapid turnover and short circulating life-span (2) . running water. They were subsequently coated with a 2:1 dilution of K-5 nuclear emulsion (Ilford, Ltd., Ilford, England) and exposed for 5-7 wk. Autoradiographs prepared in this manner were stained after development with May-Grtinwald-Giemsa stain.
RESULTS

Effect of Vbl on Specifically Sensitized
Lymphocytes.--Cells that can protect recipient rats against a challenge infection with L. monocytogenes appear within 72 h in the thoracic duct of rats infected with this organism. The delivery of protective cells to the lymph coincides with the influx of many newly formed cells (2) , and it is among these that we should look for the mediators of cellular resistance to infection.
The possibility that the protective cells belong to a dividing cell population was tested by injecting 5 /zg/g of body weight of Vbl into 6-day Listeria-infected rats. Immediately thereafter the thoracic duct was incannulated, and cells issuing from the fistula during the first 12 h of lymph drainage were transferred intravenously into Cy-treated recipients. The cells, in a dose equivalent to 2 X 106/g of body weight, were injected 1 h after the recipients had been challenged intravenously with 9.4 X 105 L. monocytogenes. Fig. 1 shows that lymphocytes from Vbl-treated animals were less effective than those from similarly infected but untreated donors in their ability to contain the challenge infection in the livers and spleens of recipient rats. The results imply that large lymphocytes are the principal effector cells responsible for mediating host resistance to L. monocytogenes, because they alone incorporate [SH]-thymidine into nuclear DNA and are thus subject to the inhibitory effects of the drug.
Although Vbl deafly inhibited the great majority of sensitized lymphocytes in the thoracic duct of Listeria-infected donors, it failed to erase their protective function entirely. Fig. 1 indicates that recipients of lymphocytes from Vbltreated donors enjoyed a low but significant level of immunity 48 h after challenge. Apparently, the lymph of Listeria-infected rats contains some Vbl-resistant cells, or else those that are vulnerable to the drug continue to function for a time in their adopted hosts. The latter possibility was tested by allowing lymphocytes from infected donors to reside in recipient rats for 24 h before challenging the animals with L. monocytogenes. In the interval between cell transfer and challenge, virtually all donor large lymphocytes would be expected to reach metaphase, the point at which they are inhibited by Vbl (6, 7). Normal rats, rather than Cy-treated animals, were employed as recipients. These were injected intravenously with TDL from 6-day Listeria-infected donors to some of which Vbl had been given immediately before incannulation. In each case, 2 X 106 cells/g of body weight were transferred either 24 h before or 1 h after the recipients were challenged with approximately 106 L. monocytogenes. Fig. 2 as the difference in log viable units found in the livers and spleens of adoptively immunized rats and nonimmunized controls 48 h after challenge. It is evident that the lymph of 5-day Listeria-infected donors contained protective lymphocytes and that these were completely inhibited by Vbl. Vbl-resistant cells were delivered to the thoracic duct between the 5th and llth days of the infection, and with advancing time accounted for an increasing portion of the protective cell population. Beyond the llth day, however, protective cells could no longer be detected in the lymph. The results give credence to the notion that the Vbl-resistant lymphocytes are mature members of an immunologically committed cell line.
Thelarge dose of Vbl (5 ~g/g) employed in these experiments not only inhibited the great majority of lymphocytes specifically committed to Listeria antigens Plots depicting the development of a population of specifically sensitized lymphocytes in the thoracic duct of Listeria-infected rats to some of which a single injection of Vbl had been given immediately before incannulation. 2 X 106 lymphocytes/g of body weight were transferred intravenously into recipient rats 1 h after the recipients had been challenged with approximately 106 living organisms. Each plot represents the mean difference in log viable units in the livers and spleens of five adoptively immunized subjects and five nonimmunized controls 48 h after challenge. The closed circles denote the protective immunity conveyed by lymphocytes from infected donors; the open circles denote the immunity transferred by cells from similarly infected donors given Vhl.
on July 11, 2017 jem.rupress.org Downloaded from but also caused a reduction in output of cells from the thoracic duct. During the first 12 h of lymph drainage, the mean output from 15 Vbl-treated donors and 9 untreated subjects was 386 -4-74 )< 106 and 713 4-93 )< 106 cells, respectively. The low output from Vbl-treated animals and the fact that the great majority of cells in central lymph are small lymphocytes impelled us to ask whether these nondividing cells were affected by the drug. The problem was examined in the following experiment, in which the aggressive behavior of TDL was measured in a graft-vs.-host assay.
Effect of Vbl on the Ability of Lymphocytes to Initiate a Graft-vs.-Host Reaction.
--Lymphocytes from the thoracic duct of normal adult rats can cause a fatal wasting illness in F1 hybrid recipients that have a parent belonging to the donors' inbred strain. The aggressor cells have been identified as small lymphocytes (8, 9) . Since their capacity to induce a graft-vs.-host reaction is potentiated by irradiation of the host (10), this procedure was exploited to measure the effect of Vbl on the activity of potentially reactive cells. A single injection of the drug was given to each of several normal Lewis rats. Immediately thereafter their thoracic ducts were incanntflated. Cells obtained from these animals and from a panel of untreated controls were pooled with cells from the same group, and a weight-adjusted dose was injected intravenously into irradiated recipients belonging to the (Lewis)< BN)F1 hybrid cross.
The injected cells were highly aggressive in their adopted hosts. Table II indicates that approximately 10 million donor lymphocytes were lethal for most recipients and that their ability to cause a graft-vs.-host reaction was unimpaired by treatment of the donors with Vbl. The results buttress the view that dividing (large) lymphocytes are the targets of Vbl and virtually exclude the possibility that lymphocytes are inhibited by the drug regardless of their position in the division cycle. * Female rats 60-80 g in body weight were exposed to 350 rad of whole body X and gamma irradiation 24 h before lymphocyte transfer.
3~ 5 #g/g of body weight injected intravenously. 3 indicates that a measure of protective immunity was conveyed by PEC obtained from either Vbl-treated donors or similarly infected but untreated controls. However, the recipients of cells from Vbl-treated donors enjoyed substantially less protection in both the liver and spleen. The results suggest that the effector cells belong to a proliferating lymphocyte population similar to that present in the l~anph of infected rats.
Since the specifically sensitized lymphocytes that transfer resistance to L.
monocywgenes are either absent or present in only small numbers in the uninflamed peritoneal cavity (4), they must be members of a cell population that emerges from the blood in response to inflammation. Autoradiographic studies A number of these animals were then given a single injection of Vbl immediately before incannulation of the thoracic duct. Cells issuing from the fistula during the first 12 h of lymph drainage were pooled with cells from animals in the same group, and 3.6 X 108 were transferred intravenously into each of several recipients. The recipients were given a continuous infusion of nonradioactive thymidine at the rate of 1.2 mg daily and, immediately after transfer, were stimulated intraperitoneally with killed L. monocytogenes. Smears prepared from samples of the donor inocula and from cells obtained from the peritoneal cavity of individual recipients 24 h after transfer were examined autoradiographically. Table I I I indicates that the inoculum prepared from Vbl-treated donors contained fewer large and medium lymphocytes, but approximately the same number of labeled small lymphocytes, as the "control" inoculum, i.e., T D L obtained from labeled Listeria-infected rats that had not been given Vbl. However, there was a remarkable difference in the exudate-seeking capacity of the labeled cells. In recipients of cells from Vbl-treated donors, only one labeled medium lymphocyte and a few labeled small lymphocytes were found among the more than 5,000 cells examined from each exudate. By comparison, a sub- thymidine during the first 6 days of a primary Listeria infection. 3.6 )< l0 s cells collected from the thoracic duct during the first 12 h after the last injection were transferred intravenously into each of several recipients. Immediately thereafter the recipients were stimulated intraperitoneally with 50 #g of killed L. monocytogenes.
:~ Harvested 24 h after exudate induction. Autoradiographs exposed for 7 wk. § 5/zg/g of body weight injected intravenously immediately before incannulation. thymidine. The donors in this experiment were 6-day Listeria-infected rats to some of which a single injection of Vbl had geen given at the time of incannulation. Cells issuing from the fistulae were transferred intravenously into syngeneic recipients, the usual precautions being taken to minimize reutilization of radioactive residues released from labeled donor cells. Each recipient was given 4 X l 0 s cells. Immediately thereafter all were stimulated intraperitoneaUy with killed L. monocytogenes. PEC obtained from these animals 24 h after stimulation were examined autoradiographically. Table IV shows that the lymph of both Vbl-treated donors and their respective controls contained labeled large and medium lymphocytes; labeled small lymphocytes were not found among the more than 5,000 donor cells examined. Only two labeled lymphocytes (both small) were found in recipients of cells from Vbl-treated rats. In contrast, a moderate number of labeled lymphocytes were :~ Harvested 24 h after exudate induction. Autoradiographs exposed for 5 wk. § 5/zg/g of body weight injected intravenously immediately before incannulation.
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found in exudates induced in the four recipients of "control" cells. The labeled exudate cells varied in size: some were large lymphocytes, similar to those that had incorporated [3H]thymidine in vitro; others were typical small lymphocytes. It is evident, therefore, that some donor large lymphocytes had migrated from the blood into the inflamed peritoneal cavity of the recipients, where they gave rise to smaller lymphocytes.
DISCUSSION
Acquired resistance to L. monocytogenes is mediated by lymphocytes that are represented among the free-floating cells in the central lymph of animals infected with this organism. Protective cells appear in the thoracic duct within 72 h of an immunizing infection. Their sudden influx at this time suggests that they belong to a rapidly dividing cell population. The results of the current investigation give credence to this notion, for they indicate that the cells that can protect normal rats against a Listeria challenge are highly vulnerable to Vbl.
Vbl is an appropriate drug for studies of this type, because it has a short half-life in vivo (12, 13) and acts selectively upon dividing cells, causing Inetaphase arrest and cell death (6, 7). In the current investigation, small lymphocytes, which divide infrequently or not at all, were shown to be highly resistant to Vbl. Their resistance was revealed in the failure of Vbl to inhibit the aggressive activity of Lewis TDL in a graft-vs.-host assay (Table II) . The ability of Vbl-treated cells to transfer immunological memory of the bacteriophase (I,X-174 (McGregor and Mackaness, unpublished data) provides further evidence to this effect and implies that dividing lymphocytes are selectively destroyed by the drug.
It is to be emphasized that the specifically sensitized lymphocytes that mediate cellular resistance to L. monocytogenes do not belong to a single, homogeneous class. The present studies using Vbl substantiate this contention and suggest that the makeup of the protective cell population changes as the response evolves. Vbl has a major impact on the protective function of lymphocytes obtained from the thoracic duct of Listeria-infected donors, but the timing of the drug injection is crucial. Thus, Vbl deletes sensitized lymphocytes from the duct on the 5th day of a primary immunizing infection (Fig. 2) . Thereafter, Vbl-resistant cells are added to the lymph and comprise an increasing proportion of the protective cell population.
The foregoing observations suggest that large lymphocytes are immature members of a specifically committed cell line and are the first to be released into the circulation of Listeria-infected rats. Vbl-resistant lymphocytes are delivered to the blood later in the infection. The latter have not yet been identified morphologically, although it seems likely that they are small lymphocytes. Two lines of evidence support this conclusion: (a) an injection of Vbl has no effect on the proportion of newly formed small lymphocytes delivered to the thoracic duct of 6-day Listeria-infected rats (Table III) , and (b) the drug on July 11, 2017 jem.rupress.org
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has only a trivial effect on the protective capacity of lymph-borne cells obtained later in the response, when the proportion of large lymphocytes in the lymph has declined to the "normal" value.
Taken at face value, the results of the current investigation imply that large lymphocytes are the principal, although probably not the exclusive, effector cells involved in transmitting immunity to L. rnonocytogenes, at least in the rat. It cannot be concluded, however, that large lymphocytes have a predominant role in host resistance to other infectious agents. Lefford, McGregor, and Mackaness (unpublished data) found that TDL from rats infected with M. boris (strain BCG) can protect normal recipients against a challenge infection with either attenuated (R1Rv) or virulent (H3~Rv) strains of M. tuberculosis. Since lymphocytes obtained from Vbl-treated donors 4 wk after infection also afford protection, it would seem that small lymphocytes have an important role in host resistance to this organism.
Factors peculiar to the host-parasite relationship could explain the rate at which committed lymphocytes are generated, the makeup of the protective cell population, and the cell susceptibility to Vbl. L. monocytogenes causes an acute infection in rats, as it does in mice (14) . The organisms grow vigorously for several days in the livers and spleens of intravenously infected subjects. Thereafter the bacteria are rapidly destroyed by macrophages that acquire an enhanced listericidal capability (14, 15) . Since Mycobacteria are more resistant to intracellular inactivation (16) , it is plausible to think that they provide a more enduring immunogenic stimulus. The committed cell population generated in response to a BCG infection would therefore be expected to include a large proportion of "mature" (nondividing) small lymphocytes.
In an earlier study (2) it was shown that the cells that transfer resistance to L. monocytogenes have a short circulating life-span. After intravenous transfer into uninfected recipients, protective donor lymphocytes fail to recirculate to the thoracic duct in sufficient numbers to confer protective immunity upon a second panel of normal recipients. Failure of the cells to recirculate readily from blood to lymph implies that they arise in stimulated lymphoid tissue in the regional lymphatic bed. Their precise origin in parent lymph nodes has not been determined. It may be significant, however, that the delivery of protective cells to the thoracic duct is preceded by the appearance of blast cells in the paracortex of nodes draining sites of bacterial implantation (1) . These blast cells are morphologically indistinguishable from the large pyroninophilic cells that develop from small lymphocytes during graft-vs.-host reactions (8) . Since they arise in areas of lymphoid tissue which are normally occupied by thymus-derived lymphocytes (T cells) (17, 18) and through which T cells continuously recirculate (19, 20) , it is likely that they, too, are thymus dependent. This notion accords with the fact that host resistance of L. monocytogenes is cell mediated and that the protective function of lymphoid cells obtained from Listeria-infected mice is abrogated by anti-~ serum (21) .
Regardless of their lineal relationship to T cells, the short circulating lifeon July 11, 2017
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span of lymphocytes specifically committed to Listeria antigens sets them in a class apart from the majority of lymph-borne cells. The inability of protective cells to recirculate from blood to lymph could reflect a readiness to leave the blood in areas of inflammation. It is to be noted in this connection that protective cells can be recovered in a fully functional condition from inflammatory exudates induced in the peritoneal cavity of Listeria-infected rats (4). Since protective cells are either absent or present in only small numbers in the unstimulated peritoneal cavity, they must belong to a mobile population that emerges from the blood in response to inflammation. The results of the present investigation substantiate this contention and show, in addition, that a dividing (large) lymphocyte is the principal effector cell type present in exudates. There can be little doubt that the effect of the drug is on large lymphocytes, for when these alone were radioactively labeled before intravenous transfer, labeled cells from Vbl-treated donors were rarely found in peritoneal exudates induced in recipient rats. The remarkable capacity of large lymphocytes to leave the blood in areas of inflammation has important implications in infections caused by facultative intracellular parasites in which host resistance rests ultimately with macrophages (1). Several lines of evidence support the view that host resistance to L. monocytagenes depends on the collaborative participation of specifically sensitized lymphocytes and mononuclear phagocytes (1). The requirement for macrophages is illustrated in the failure of Listeria-infected animals to benefit from an injection of committed lymphocytes when they are unable to assemble monocyte-derived macrophages in an inflammatory exudate. This is the case, for example, in mice exposed to a large dose of whole body X irradiation (22, 23) and rats given a potentially lethal dose of Cy (24) .
Since lymphocytes from animals infected with L. monocytogenes can confer specific antimicrobial resistance upon uninfected recipients, it seems likely that an important function of these cells is to provide the stimulus required to enhance macrophage microbicidal function. The events underlying this activation process have not been determined, but they could involve the activity of a lymphokine. In fact, it has been reported recently that a product of antigen-stimulated lymphocytes can influence the microbicidal capacity of macrophages in vitro (25, 26) .
The propensity of dividing (large) lymphocytes to localize in areas of nonspecific inflammation could explain how specific effector cells assemble in infective foci. It is conceivable that inflammation initiated by the parasite or by an immunologically specific event involving either cells or antibody creates circumstances in which dividing lymphocytes, regardless of the immunological commitment, assemble in lesions. Here specifically sensitized cells might be stimulated by microbial antigens to release products that attract macrophages and give them an enhanced microbicidal capability.
Since small lymphocytes either fail to localize in inflammatory foci (11) or on July 11, 2017 jem.rupress.org Downloaded from do so only rarely, they are clearly at a strategic disadvantage with respect to their ability to modify macrophage microbicidal function. It is plausible, however, that they serve as vehicles for the carriage of immunological memory, a function they are known to discharge with respect to conventional antigens (27, 29). According to this notion, small lymphocytes specifically committed to the appropriate microbial antigens would rapidly transform into large lymphocytes upon reinfection with the homologous parasite, thereby arming the host with effector cells that localize preferentially in infected tissue.
SUM-~ARY
The antimitotic drug vinblastine (Vbl) has a profound impact upon the specifically sensitized lymphocytes that transfer cellular resistance to Listeria monocytogenes. A 12-h pulse of the drug given to prospective donors during the first week of an immunizing Listeria infection inhibits the delivery of protective lymphocytes to the thoracic duct and their subsequent movement into an inflammatory exudate induced in the peritoneal cavity. The effect of Vbl is clearly related to its antimitotic activity, not to an effect on lymphoeytes regardless of their position in the division cycle. This conclusion was drawn from an autoradiographic analysis of cells in the lymph of Vbl-treated rats and from failure of the drug to abrogate a known function of small lymphocytes, namely, their ability to initiate a graft-vs.-host reaction. The results imply that large lymphocytes, the rapidly proliferating cells in central lymph, are the principal effector cells responsible for transmitting resistance to L. monocytogenes and provide a plausible explanation for their rapid turnover and short circulating life-span. 
